we reported that cloned cell lines of strongly immunogenic chemically-induced murine fibrosarcomas maintained in tissue culture usually fail to grow when transplanted to normal mice, whereas they grow readily in various categories of T-cell deficient mice and after such passage grow readily in normal mice. We suggested three possible explanations which might account for these findings: (i) Emergence during the initial passage of tumour cells resistant to effector cells which exhibit cytotoxicity that is non-acquired, i.e. not contingent on previous specific priming or non-specific activation of some kind. Following Stutman et al. (1978) we have used the label NK for cells of this kind which kill in short term (4h) in vitro assays and NC for those whose activity is shown only in more prolonged (15-24h) assays. (ii) Acquisition during the initial passage of a protective surface molecule that interferes with the efferent side of the immune response when the tumour is subsequently transplanted to a normal host. (iii) Loss during the initial passage of a Class I MHC molecule necessary for dual recognition of the tumour cells by T cells when they are transplanted to a normal host.
We now report observations on the sensitivity of cultured and mouse-passaged cloned fibrosarcoma lines to cell-mediated cytotoxicity in vitro, which help to distinguish between these possibilities. In Correspondence: M.F.A. Woodruff. Received 6 March 1985 ; and in revised form 11 April 1985. preliminary experiments we have sought and obtained confirmation of published reports that NK activity is absent in newborn mice but begins to become manifest at the age of 3-4 weeks (Herberman et al., 1975; Kiessling et al., 1979 ), whereas quite a high level of NC activity is present at birth (Stutman et al., 1978) .
Materials and methods

Tumours
The origin of, and methods of propagating, the fibrosarcoma lines have been described previously (Woodruff & Hodson, 1985) . In the present experiments we have used mainly 4 different clones (W319, C6 and C12; W324, C17 and C57), distinguished by their origin from a different tumour or by a difference in PGK-1 alloenzyme phenotype. As before, the suffixes C and M indicate lines maintained in tissue culture and by serial transplantation respectively; the suffix MC indicates an M line which was cultured in vitro for 24 or 48 h for labelling before an assay was set up.
The murine lymphoma line YAC-1 was used as a positive control in short-term assays for NK activity. (Woodruff & Hodson, 1985) .
Removal of adherent cells In some experiments N, II, I2 and 13 spleen cell suspensions were incubated in tissue culture flasks for 4 h at 37°C. The nonadherent cells, designated N', I1', I' and F3 respectively, were then harvested, counted in nigrosin to determine the number of viable cells, spun down and re-suspended in fresh medium with 10% FCS.
Chromium release assays
The assays were performed in triplicate in flatbottomed Falcon II microtest plates (Falcon, Oxnard, Calif., USA), with 105 tumour cells per well, and effector: target (E :T) ratios of 100: 1, 50: 1 and 25:1, in a total volume of 200 pl MOPS buffered medium with 10% FCS per well. Medium control wells contained target cells but no effector cells in the same total volume as the other wells. The plates were incubated for either 4 h or between 15 and 18 h, the latter time being chosen because preliminary trials showed virtually no release of isotope after 8 h incubation at 37°C with targets insensitive to NK cells, and unacceptably high release with all targets in control wells without effector cells after 24 h. Plates for 4 h assays were centrifuged lightly (20 g for 2 min in a Serval RT 6000 refrigerated centrifuge) prior to incubation. After incubation all plates were centrifuged (200g for 5 min) and 100pl of supernatant was removed for gamma counting, using a removable jig with perforations corresponding to each well which held the pipette tip 2 mm clear of the well floor.
Maximum release was determined by adding 100 p1 of 1% NP 40 detergent to an equal volume of labelled target cell suspension in Eppendorf tubes, incubating for 30 min, centrifuging and removing l00pl for counting in a gamma scintillation spectrometer (LKB, Willac 80000) adjusted for 5'Cr. Table I . Although the replicates in each assay showed little variation, the results of assays performed on different days with effectors from different mice differed considerably. The reason for this is not clear. The age of the spleen cell donors ranged from 8-12 weeks but within these limits we have not observed any correlation between the age of the spleen donor and the CI obtained with a variety of targets.
Despite this variation between assays performed at different times, it is possible to compare the results obtained on the same day with the same effectors acting on different targets. Since 51Cr and 125IUDR assays performed at the same time with the same effectors and the same cell lines as targets, The figures in the same column relate to the same assay except where the column is interrupted by a horizontal line.
The assay in the first of the 5'Cr columns was performed at the same time as the assay in the first of the '25IUDR columns and so on. and observations in the same assay at different E:T ratios, cannot be regarded as independent, the safest procedure is to regard the whole array of CI value generated by simultaneous 51Cr and (when performed) 125IUDR assays with a given target and type of effector as constituting a single experimental result. The individual values might be combined in various ways to give numerical expression to this result, but when, as is fortunately the case in Table I , the individual values in any one array are nearly always consistently less or consistently greater than the corresponding values in every other array, it is not necessary to specify precisely how this should be done.
It appears from these assays that W319C6C is moderately sensitive to NC cells whereas W319C12C, W324C17C and W324C57C are, at most, only slightly sensitive. It can also be concluded that 319C6M, though not completely insentivive, is less sensitive than 319C6C, since in each of the six independent pairs of arrays available for comparison the values of the CI for 319C6M are less than those for 319C6C, and the probability of this occurring as an error of random sampling is (1/2)6 i.e. 0.016. It looks also as if 324C17M may be less sensitive than 324C17C, but this cannot be asserted with confidence. Effect of removing adherent spleen cells Removing adherent cells from the spleen cell population made no appreciable difference to the values obtained for the CI in both 5"Cr and I26IUDR assays for NC cell activity (Table II) .
Effect of a single passage in newborn and nude mice or sensitivity of tumours to NC cells As a preliminary to these experiments we have confirmed the observation of Stutman et al. (1981) that spleen cells from newborn normal mice exhibit NC cell activity, although in our assay the CI with newborn CBA spleen cells against 319C6C target cells was only about half that of adult spleen cells. Spleen cells from newborn nu/nu mice (shown to be athymic at autopsy) were also cytotoxic though in our assay the CI with these cells at an E:T ratio of 100:1 was only about one third that obtained with normal adult spleen cells. The figures in the same column related to the same assay except where the column is interrupted by a horizontal line. The assay in the first of the " Cr columns was performed at the same time as the assay in the first of the '25IUDR columns, and similarly for the second columns for each isotope.
Our observations on the sensitivity of passaged cells to the cytotoxic effect of normal adult spleen cells are summarised in Table III . In both chromium assays and one iodine assay W319C6 appears to have become less sensitive, but not completely insensitive, after passage in all the types of host listed. W324C17 was completely insensitive after passage in all the assays but the unpassaged cultured line is itself, at most, only very slightly sensitive. target tested were either no more cytotoxic, or only slightly more cytotoxic, than normal spleen cells. An exception to this rule is the sensitivity in the IUDR assay, but not the chromium release assay, of 319C6M cells to spleen cells from mice immunized with C12M.
Discussion
The primary object of the present experiments was to test the hypothesis that when cultured cloned murine fibrosarcoma lines are passaged in immunodeficient mice they acquire the capacity to grow in normal isogenic hosts because, during the initial passage, they beome resistant to attack by NK or NC cells, and this postulated resistance just sufficies to tip the balance in the favour when they encounter combined attack by NK/NC cells and cytotoxic T cells in the normal host.
It now seems clear that this hypothesis is false so far as NK cells are concerned because with all the clones tested even the cultured lines are NK cell resistant. Acquisition of resistance to NC cells, on the other hand, may play a role with some clones, e.g. W319C6. In the present experiments the cultured line of this clone was moderately NC cell sensitive and became less so on passage, and this accords with our previous finding (Woodruff & Hodson, 1985) that after s.c. injection of viable '25I-labelled cells to non-immunized mice, the rate of loss of label from day 1 to day 5 was greater with C6C than with C6MC. This will not serve as a general explanation however because 3 of the 4 cultured lines tested in vitro showed at most only slight sensitivity to NC cells. Moreover, we have shown recently with one other clone (W324C17) that insensitivity in vitro is associated with insensitivity in vivo as indicated by the slow early (day 1-day 5) loss of label after s.c. injection of 12511 labelled cells (Woodruff & Hodson, unpublished) .
A subsidiary objective was to determine whether the conclusion drawn from our previous in vivo experiments (Woodruff & Hodson, 1985) that cultured and mouse-passaged lines of the same clone differ little, if at all, in their capacity to evoke an immune reaction, holds good also when the magnitude of the reaction is assessed by in vitro assays. It now seems clear that this is the case.
Of the three hypotheses proposed in our previous paper to account for the effect of passage in immunodeficient mice, two remain: the acquisition of a protective surface molecule, and the loss or modification of a Class I MHC molecule necessary for recognition by T cells. The fact that passaged tumour cells remain immunogenic tells against the latter possibility, but it is conceivable that the immunogenic stimulus might be provided by host T cells which have acquired TATA from the tumour and present these, in association with their own Class I MHC molecules, to other T cells. Experiments designed to explore these and other possibilities will be reported in a subsequent paper.
